Lipoarabinomannan (LAM) lipoglycans have been characterized from a range of mycolic acid-containing actinomycetes and from the amycolate actinomycete Amycolatopsis sulphurea. To further understand the structural diversity of this family, we have characterized the lipoglycan of the otic commensal Turicella otitidis. T. otitidis LAM (TotLAM) has been determined to consist of a mannosyl phosphatidylinositol anchor unit carrying an (␣ 136)-linked mannan core and substituted with terminal-arabinosyl branches. Thus, TotLAM has a novel truncated LAM structure. Using the human monocytic THP-1 cell line, it was found that TotLAM exhibited only minimal ability to induce tumor necrosis factor alpha. These findings contribute further to our understanding of actinomycete LAM diversity and allow further speculation as to the correlation between LAM structure and the immunomodulatory activities of these lipoglycans.
The cell envelopes of gram-positive bacteria contain structurally diverse macroamphiphilic membrane-anchored polymers that can be classified as either lipoteichoic acids or lipoglycans (11, 54, 56) . Although considered to play important roles, the functions of these macromolecules remain unknown and it is not known if a common function underlies their structural diversity. Lipoteichoic acids predominate in the Bacillus-Streptococcus-Clostridium (Firmicutes) lineage of grampositive bacteria, whereas Mollicutes and actinomycete bacteria typically synthesize lipoglycans (54) . Actinomycete lipoglycans can be classified into a number of structural archetypes (54) , of which the most extensively studied are the mycobacterial lipoarabinomannans (LAM) (6, 7, 39) . LAM-like lipoglycans have also been identified in phylogenetically close relatives of the mycobacteria, which share common cell envelope features dominated by the presence of mycolic acids (13, 52, 55) , and three lipoglycans from this taxon (the mycolata) have been recently characterized as structurally related members of a LAM family: ReqLAM from the equine pathogen Rhodococcus equi (18) , RruLAM from Rhodococcus ruber (22) , and TpaLAM from Tsukamurella paurometabola (20) . Moreover, an additional representative of the LAM family (AsuLAM) has been characterized from the more distantly related actinomycete Amycolatopsis sulphurea (21) , which lacks mycolic acids. In each of the LAM-like lipoglycans, the carbohydrate domain consists of a linear (␣ 136) mannan backbone and an arabinan portion either consisting of few units glycosylating the mannan core or organized as an independent domain, as observed in mycobacteria.
The mycolata lineage also encompasses a few species that appear to have lost the ability to synthesize mycolates, including Turicella otitidis, the type species of the monospecific genus Turicella (16, 17) . T. otitidis is part of the normal flora of the ear (15, 29, 51 ) that may cause opportunistic infections such as acute otitis media (8, 16, 17, 44, 45, 48) . However, in contrast to reports that it is an exclusively otic organism, it has also been isolated in a case of bacteremia (33) and from environmental sources (49) . T. otitidis apparently shares other cell envelope features with the mycolata. For example, arabinose and galactose as cell wall sugars suggest the presence of an arabinogalactan wall polysaccharide. However, little is known of its precise cell envelope composition. In the present study, we have undertaken the identification and characterization of the lipoglycan present in T. otitidis.
MATERIALS AND METHODS
Bacterial strains and growth conditions. The type strain of T. otitidis, DSM 8821, was obtained from the Deutsche Sammlung für Mikroorganismen (Braunschweig, Germany) culture collection. Bacteria were grown in brain heart infusion broth (Oxoid; Unipath Ltd., Basingstoke, United Kingdom) containing 2% (wt/vol) yeast extract at 37°C with shaking (200 rpm). Large-scale cultures were grown overnight and harvested by centrifugation (3,600 ϫ g, 15 min, 4°C). The cell pellets were washed with phosphate-buffered saline and freeze-dried for extraction.
Lipoglycan extraction and purification. Lyophilized cells were delipidated with chloroform-methanol (1:1 [vol/vol]; 50 mg/ml) at room temperature for 18 h. Cell pellets were recovered by centrifugation (3,600 ϫ g, 10 min), washed twice with phosphate-buffered saline, and permeabilized (1) with mutanolysin (50 U/ml) and lysozyme (25 mg/ml). Lipoglycan was then extracted from the cell suspension by the hot phenol-water method, as described previously (18, 52) . Following dialysis to remove phenol traces, the crude aqueous extract containing lipoglycan was lyophilized.
Lipoglycan was purified by hydrophobic interaction chromatography (HIC) as described previously (18, 52) . Briefly, the freeze-dried extract was resuspended in 100 mM sodium acetate buffer (pH 4.5) containing 15% (vol/vol) n-propanol and applied to an octyl-Sepharose CL-4B (Amersham Biosciences, United Kingdom) column (1.25 by 17 cm) equilibrated with the same buffer. The column was washed through with 40 ml of this buffer prior to gradient elution with 15 to 65% n-propanol in 100 mM sodium acetate (pH 4.5). Column fractions (ca. 4 ml) were analyzed for carbohydrate and by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) followed by silver staining. Lipoglycan-containing fractions were pooled, dialyzed to remove propanol, and lyophilized. Contaminants were then removed by gel filtration. The sample (7.7 mg) was dissolved in a mixture of 0.2 M NaCl, 0.25% (wt/vol) sodium deoxycholate (DOC), 1 mM EDTA, and 10 mM Tris, pH 8, to a final concentration of 200 mg/ml, incubated for 2 days at room temperature, and loaded onto a gel permeation Bio-Gel P-100 column (52 by 3 cm) eluted with the same buffer at a flow rate of 5 ml/h. Analytical methods. Carbohydrate was assayed by the method of Fox and Robyt (14) . Lipoglycan carbohydrate composition was also examined by gas chromatography (GC) as described previously (52) , following hydrolysis with 2 M trifluoroacetic acid (TFA; 2 h, 110°C), neutralization over sodium hydroxide pellets, and derivatization to alditol acetates (46) . For permethylation analysis, lipoglycan (1.1 mg) was deacylated according to the method of Beachey et al. (5) followed by permethylation according to the method of Dell et al. (9) . The permethylated samples were cleaned with a C 18 Sep-Pak cartridge (Waters Ltd., Watford, United Kingdom), hydrolyzed, and acetylated as described previously (18) .
Lipoglycan fatty acid composition was determined by GC of fatty acid methyl esters (FAME) released by acid-catalyzed methanolysis, as described previously (52) . SDS-PAGE and Western blotting were performed as described previously (52) . Lipoglycan was detected by silver staining with a periodic acid oxidation step to enhance polysaccharide staining (58) . CE. The electropherograms were acquired and stored on a Dell XPS P60 computer, using the System Gold software package (Beckman Instruments, Inc.). APTS derivatives were loaded by applying a 0.5-lb/in 2 (3.45 kPa) vacuum for 5 s (6.5 nl injected). Separations were performed with an uncoated fused-silica capillary column (Sigma, Division Supelco, Saint-Quentin-Fallavier, France) with a 50-m internal diameter and 40-cm effective length (47-cm total length). Analyses were usually performed on a P/ACE capillary electrophoresis system (Beckman Instruments, Inc.) with the cathode on the injection side and the anode on the detection side (reverse polarity). They were carried out at a temperature of 25°C with an applied voltage of Ϫ20 kV and using acetic acid 1% (wt/vol)-30 mM triethylamine in water, pH 3.5, as the running electrolyte. For  Fig. 3B , the electropherogram was recorded in normal mode, at a temperature of 25°C with an applied voltage of ϩ25 kV and borate buffer (20 mM, pH 9.2) as a running electrolyte. The detection system consisted of a Beckman laser-induced fluorescence (LIF) device equipped with a 4-mW argon-ion laser with an excitation wavelength of 488 nm and emission wavelength filter of 520 nm.
NMR spectroscopy. Prior to nuclear magnetic resonance (NMR) spectroscopic analysis, fractions were exchanged in D 2 O (99.9% purity; Eurisotop, Saint Aubin, France) at room temperature with intermediate freeze-drying and then dissolved in 400 l of Me 2 SO-d 6 (99.8% purity; Eurisotop, Saint Aubin, France). TotLAM (7 mg) was analyzed in 535-PP NMR tubes (200 by 5 mm) at 313 K on a Bruker DMX-500 500-MHz NMR spectrometer equipped with a doubleresonance ( 1 H/X)-BBi z-gradient probe head. Data were processed on a Bruker-X32 workstation using the xwinnmr program. Proton and carbon chemical shifts are expressed in ppm downfield from dimethyl sulfoxide (␦ H /tetramethylsilane [TMS] 2.52 and ␦ C /TMS 40.98). The one-dimensional (1D) phosphorus ( 31 P) spectra were measured at 202.46 MHz, and phosphoric acid (85%) was used as the external standard (␦ P 0.0). All 2D NMR data sets were recorded without sample spinning, and data were acquired in the phase-sensitive mode by the timeproportional phase increment method (34) . Four 2D homonuclear Hartmann-Hahn (HOHAHA) spectra were recorded with MLEV-17 mixing sequences of 113 ms (2). The 1 H-13 C and 1 H-31 P single-bond correlation spectra (heteronuclear multiple quantum coherence [HMQC]) were obtained with Bax's pulse sequence (3).
The GARP sequence (47) at the carbon or phosphorus frequency was used as a composite pulse decoupling during acquisition. The pulse sequence used for 1 H-detected heteronuclear relayed spectra (HMQC-HOHAHA) was that of Lerner and Bax (32) and the pulse sequence used for homonuclear multiple bond coherence (HMBC) was that of Bax and Summers (4) . TNF-␣ production by macrophages. The THP-1 macrophage human cell line was maintained as nonadherent cells in continuous culture with RPMI 1640 medium (Life Technologies) in 10% fetal calf serum (Life Technologies) in an atmosphere of 5% CO 2 at 37°C. The various stimuli were added at 10 or 20 g/ml in duplicate to macrophage cells (5 ϫ 10 5 cells/well) in 24-well culture plates and then incubated for 20 h at 37°C. Three independent assays were conducted; one representative experiment is shown. Supernatants were assayed for TNF-␣ by sandwich enzyme-linked immunosorbent assay using commercially available kits and according to the manufacturer's instructions (R&D Systems). Lipopolysaccharide (LPS) was from Escherichia coli O55:B5 (Sigma), ManLAM and lipomannan (LM) were from Mycobacterium bovis BCG, and ReqLAM was from Rhodococcus equi (18) .
RESULTS
Purification and initial characterization of the T. otitidis lipoglycan. Lipoglycan was extracted from lyophilized and delipidated cells of T. otitidis by a conventional phenol-water extraction method that has been used for the extraction of macroamphiphiles such as LPS, lipoteichoic acids, and lipoglycans, including mycobacterial LAM (13, 18, 31, 52, 61) . Purified lipoglycan was recovered from the crude extract by HIC, as shown in Fig. 1A . Initial elution of the HIC column removed hydrophilic contaminant material, and a single carbohydratecontaining peak was retained by the column until gradient eluted with n-propanol. Fractions 26 to 30 were pooled after verification by SDS-PAGE that these fractions contained a diffuse band centered around ca. 20 kDa, which is comparable to the electrophoretic mobility of the truncated LAM of R. equi (18) .
Subsequently, NMR studies revealed that this fraction was still contaminated by small mannose-containing molecules. This fraction was further purified by gel filtration in presence of DOC buffer. The gel filtration chromatographic profile contained two peaks, I and II (Fig. 1B) . Peak I was assigned to the putative LAM, based on its electrophoretic mobility on SDS-PAGE (Fig. 2) , which is distinct from that of Mycobacterium tuberculosis strains and M. bovis BCG ManLAM. This mobility is in agreement with a matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) spectrum showing a broad peak centered at m/z 9,000 (data not shown) indicating a molecular mass for the most abundant molecular species of 9 kDa. A molecular mass around 17 kDa was established for the BCG ManLAM (41, 59), whereas MALDI-TOF MS has established similar molecular masses for other LAM lipoglycans, notably ReqLAM (ca. 8 kDa) (18) and AsuLAM (ca. 10 kDa) (21) .
The carbohydrate composition of the lipoglycan was investigated by GC and CE following acid hydrolysis (TFA, 2 M, 2 h at 110°C) and appropriate derivatizations. In both cases, only two peaks were observed, which identified arabinose and mannose. The relative composition of the polysaccharidic backbone was determined by peak integration of CE signals as 44% arabinose and 56% mannose (data not shown). Minor amounts of glycerol and inositol were also detected by GC and GC-MS. The fatty acid composition of the HIC-purified lipoglycan was analyzed by acid hydrolysis followed by GC of the FAME (data not shown). The predominant FAME recovered were methyl VOL. 187, 2005 TRUNCATED LIPOARABINOMANNAN FROM TURICELLA OTITIDIS 855 palmitate (C 16:0 ; 41%), methyl stearate (C 18:0 ; 21%), and methyl octadecenoate (C 18:1 ; 32%). The lipoglycan FAME profile was similar to that of the whole bacterial cells (data not shown), except that minor FAME, including 10-methyloctadecanoate (tuberculostearate; C 19:0 ), were not detected. The FAME profile was consistent with the previously reported fatty acid composition of T. otitidis (16, 17) . In summary, the presence of arabinose and mannose, as well as glycerol, inositol and fatty acids, the basic components of a phosphatidyl-myo-inositol anchor, provided the first indications of a lipoglycan with a structure related to mycobacterial LAM. The lipoglycan was subsequently termed TotLAM. However, Western blot analysis revealed that the lipoglycan did not cross-react significantly with a polyclonal anti-LAM antibody raised against ManLAM from M. tuberculosis strain H37Rv (data not shown).
Structural characterization of the TotLAM polysaccharidic backbone. The glycosidic linkages present in TotLAM were analyzed by per-O-methylation analysis. The partially per-Omethylated, per-O-acetylated alditols identified by GC-MS were terminal-arabinofuranose (t-Araf) and 2,6-mannopyranose (Manp).
Purified TotLAM was then analyzed by NMR in order to precisely determine the saccharidic domain. The 1D 1 H-NMR anomeric zone, recorded with TotLAM dissolved in D 2 O (Fig.  3A) , was composed of several signals, assignment of which required 2D NMR experiments, as 1 H-13 C HMQC (Fig. 3B ) and 1 H-1 H HOHAHA with different mixing times (not shown). Then the different spin systems which compose the TotLAM were characterized (Table 1) , and the sequences of these monosaccharidic units were established through 1 H-1 H nuclear Overhauser effect spectroscopy (NOESY) experiments. This strategy was derived from previous NMR analysis in D 2 O of the ReqLAM of R. equi (18) and from the ManLAM (unpublished data) and ManAM (36) of the mycobacterial strain M. bovis BCG.
The anomeric proton resonance region of TotLAM is dominated by three intense signals at ␦ 5.22 (I), ␦ 5.17 (II), and ␦ 5.06 (III) (Fig. 3A) . As revealed by the 1 H-13 C HMQC experiment (Fig. 3B) , their corresponding anomeric carbons resonate at ␦ 112.5 (I), ␦ 112.2 (II), and ␦ 102.2 (III), respectively. The spin system I was unambiguously assigned to Araf as the spin system could be defined up to H-5/C-5 ( Table 1 (24) . Therefore, unit I was unambiguously characterized as t-␣-Araf. Unit II could only be defined up to H-5 and C-2 ( Table 1 ). All of the defined protons and carbons were very close to the corresponding one of system I. Therefore, this unit was also characterized as t-␣-Araf. The spin system III was assigned to 2,6-␣-Manp according to the follow- (Table 1) were deduced from the 1 H-13 C HMQC-HOHAHA spectra (data not shown), as the HOHAHA spectrum did not allow the characterization of all the protons. Glycosylations at positions 2 and 6 were evidenced by the deshielding of the corresponding carbon resonances at ␦ 80.6 for C-2 and at ␦ 68.9 for C-6 (Table  1) compared to unsubstituted t-␣-Manp in mycobacterial arabinomannan (36) (⌬␦ 7.5 ppm for C-2 and 4.7 ppm for C-6). The 1 H and 13 C chemical shifts of this system were found to be very similar to the ones described for the 2,6-␣-Manp of mycobacterial arabinomannan (36) . The ␣-anomeric configuration was deduced from the values of the one bound coupling constant ( 1 J C1, H1 ) around 170 Hz, measured on a nondecoupled 1 H-13 C HMQC spectrum (data not shown). Subsequently, the sequence of the different units was investigated by 1 NMR data indicated that the main structural feature of the TotLAM carbohydrate backbone is a completely branched polymer composed of an (␣ 136) Manp chain replaced at O-2 by single t-␣-Araf units. Nevertheless, from these data, we could not exclude the presence in very small abundance of other structural sequences found in LAM-like molecules, such as [(t-Manp) n 3Araf], (Araf3Araf), or (t-Manp3Manp). The absence of [(t-Manp) n 3Araf] sequence was verified by TotLAM mild acidic hydrolysis (0.1 M HCl for 30 min at 110°C) followed by APTS derivatization and CE analysis (37) . Mild hydrolysis leads to selective cleavage of Araf links and release of oligomannosides with one Ara unit at the reducing end (23, 35, 41) . The electropherogram (Fig. 4) was dominated by the peak assigned to Ara-APTS. Man-APTS was found in a small amount, but no peak corresponding to oligosaccharide Fig. 4 and showed only two peaks corresponding to Ara-APTS and Man-APTS, supporting the absence of oligoarabinoside sequence. Then attempts were made to detect (Manp32Manp) sequence, which would correspond to Manp units directly substituting for the (␣ 136) Manp chain. TotLAM was submitted to acetolysis, followed by deacetylation, APTS derivatization, and CE analysis. Indeed, under particular conditions, acetolysis allows preferential cleavage of 6-O-linked hexopyranose and Araf linkages but keeps intact (␣ 132) Manp linkages (41) . Only two peaks with similar intensity were observed, which were assigned to Ara-APTS and Man-APTS. No peak which would have allowed confirmation of (Manp32Manp) sequence could be detected under the different conditions of acetolysis. Cumulatively, these data allowed us to propose the structural model depicted in Fig. 5 . Structural characterization of the TotLAM anchor unit. The structure of the mannosyl phosphatidylinositol (MPI) anchor was investigated by 1D 31 P and 2D 1 H-31 P NMR experiments in Me 2 SO-d6. Indeed, it was shown recently that Me 2 SO-d 6 is a suitable solvent for recording high-resolution 1D 31 P NMR spectra of multiacylated mycobacterial ManLAM (23) . The 1D 31 P spectrum (Fig. 6A ) of TotLAM dissolved in Me 2 SO-d6 exhibited four main resonances at 1.37, 1.50, 2.97, and 3.18 ppm. The 31 P resonance assignments were performed with the help of 2D 1 H-31 P NMR spectroscopy. The 1 H-31 P HMQC-HOHAHA spectrum of TotLAM (Fig. 6b ) exhibited four lines of correlations. The two phosphates at 1.37 and 1.50 ppm were derived from esterified diacylated glycerol, while the phosphates at 2.97 and 3.18 ppm were derived from esterified monoacyl glycerol. Indeed, the diacylated glycerol units are typified by the presence of the deshielded glycerol H-2 proton at 5.14 ppm and the deshielded glycerol H-1 protons at 4.36/4.15 ppm (25) ( Table 2) . By analogy to mycobacterial ManLAM (38) , these phosphates were labeled P3 (di-acyl) and P5 (mono-acyl). In all of these cases, the myo-inositol unit was never acylated, as proven by the H-3 resonance of the myoinositol at 3.27 ppm (compared to an expected resonance around 4.60 ppm when acylated). However, the presence of two lines of correlation for both the mono-and diacylated glycerol anchors is consistent with the additional acylation of the putative Manp at the 0-2 position of the myo-inositol unit, although this is not definitively proven.
TNF-␣ production by macrophages. The potency of TotLAM, in comparison to M. bovis BCG ManLAM and LM and R. equi ReqLAM, to stimulate the production of TNF-␣ was investigated with human THP-1 macrophage cell lines. As expected, LM (43) and ReqLAM (18) induced the production of TNF-␣ by THP-1 cells in a dose-dependent fashion (Fig. 7) . In contrast, TotLAM, tested at concentrations of 10 or 20 g/ml, showed no TNF-␣-inducing activity. Indeed, the amount of TNF-␣ elicited by TotLAM was even smaller than that induced by M. bovis BCG ManLAM, which is already known to be a poor inducer of proinflammatory cytokines (24, 40, 59) .
DISCUSSION
The present study has allowed the characterization of a novel member of the LAM family of lipoglycans (Fig. 5) . TotLAM is comparable to ReqLAM and RruLAM in that its arabinan domain is confined to the presence of t-Araf residues, but its structure is distinguished by the apparent absence of t-Manp associated with the mannan core.
Several themes are now emerging from our detailed understanding of the structures of the LAM lipoglycan family. Consistently these macromolecules have been shown to consist of an MPI anchor unit and an (␣136) Manp core (18, 20, 22, 39) , although in some cases this can be quite short (21) . However, there is evidently considerable variation in the nature of the substituting arabinan domains, varying from single t-Ara substituents in ReqLAM (18), RruLAM (22) , and TotLAM (Fig. 5) to the more elaborate branched arabinan domain of AsuLAM (21) and the linear arabinan of TpaLAM (20) . Thus, the LAM family can be subdivided into truncated LAM types (ReqLAM, RruLAM, and TotLAM) or variant LAM (AsuLAM, TpaLAM, and LAM from Gordonia bronchialis; N. Garton and I. C. Sutcliffe, unpublished data) with structures more typical of (albeit distinct from) the mycobacterial prototypes ( Table  3) .
The genetic basis for the evident diversity of LAM types can be proposed to primarily reflect a discontinuous distribution of arabinosyltransferases which has no clear parallel with the (24), depending on the absence of caps or the presence of either mannose oligosaccharide or phosphoinositol caps (39) . Moreover, a variety of other substituents, such as succinate and 5-methylthiopentose, have also been identified (10, 26, 57) . Mannose oligosaccharide capping motifs are also evident in the variant LAM of A. sulphurea (21) and T. paurometabola (20) but have not yet been reported in the representatives of the truncated LAM subfamily.
Less-well-characterized LAM family lipoglycans have been identified in a number of other representatives of the mycolata (12, 13, 19, 30, 42, 52, 53; Sutcliffe and Garton, unpublished data) . It thus seems likely that the structural diversity of the LAM family has yet to be fully defined. Typically, cross-reactions with polyclonal anti-ManLAM sera are evident with variant LAM types (e.g., see reference 13), whereas these are not generally apparent with truncated LAM types (e.g., see reference 18 and this study). It is also apparent from these studies (12) , and there are differences apparent in the lipoglycan compositions of corynebacteria (19, 42) . An additional issue with respect to lipoglycan diversity and function is that in several actinomycetes producing variant LAM there is preliminary evidence (12, 13, 21, 42) for the production of a distinct LM fraction, as in mycobacteria. However, distinct LM lipoglycans have yet to be identified in those members of the mycolata synthesizing truncated LAM (18, 52 ; this study). The lipoglycans of pathogens, notably mycobacteria, are of considerable interest as potential immunomodulators (6, 7, 39, 50) . The ability of several well-characterized members of the LAM family to stimulate TNF-␣ production has been investigated, and recently it has been hypothesized that the proinflammatory activities of these lipoglycans derive from the LM core structure and that this activity is reduced when the LM core is sterically masked by a significant arabinan domain (6) . Perhaps most strikingly in this respect, Vignal et al. (60) have demonstrated that progressive chemical hydrolysis of Ara residues from the LAM of Mycobacterium kansasii led to increased capacity to induce TNF-␣ induction. Likewise, the intact TpaLAM variant gave a moderate TNF-␣ induction, yet removal of the arabinan domain by mild acid hydrolysis (yielding the LM core) significantly increased its immunostimulatory capability (20) . However, the precise structural basis for immunostimulation remains obscure, as there is minimal TNF-␣ induction by some truncated LAM (RruLAM and TotLAM) and variant LAM (AsuLAM), whereas other truncated LAM (ReqLAM) give moderate induction (Fig. 7) (18, 21, 22) . As the immunostimulatory activities of these molecules have typically been studied with monocytic cell lines such as THP-1 (20-22; this study), further studies with primary human cells are now desirable.
The widespread distribution and structural diversity of the LAM family of lipoglycans also have implications for the function(s) of these macromolecules. Mycobacterial LAM structural types have yet to be clearly correlated with the virulence of the parent mycobacteria, and these lipoglycans are clearly synthesized by bacteria from a wide range of ecological niches, including marine and soil environments (Rhodococcus and Tsukamurella); human, insect, and fish commensals (Corynebacterium matruchotii, Dietzia maris, Rhodococcus rhodnii, T. paurometabola, and T. otitidis); opportunist pathogens such as gordoniae and tsukamurellae; as well as human and animal pathogens. Although their precise role(s) remains elusive, this widespread distribution suggests a fundamental contribution to actinomycete cell envelope biology independent of pathogenic potential. However, it is notable that a lipoglycan-less mutant of Corynebacterium glutamicum has apparently been constructed in vitro (19) .
The present study has extended our knowledge of the structural diversity of the LAM family of lipoglycans and of their immunostimulatory capabilities (Table 3) . It is also significant that, as in A. sulphurea, TotLAM is localized within a cell envelope lacking mycolic acids. Thus the distribution of the LAM family of lipoglycans does not correlate exclusively with the presence of a mycolate cell envelope, even though these lipoglycans are clearly widely distributed throughout the mycolata. Determination of the function of these enigmatic molecules remains a significant goal for future studies. 
